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(54) CASTING MOLD FOR CASTING POLYCRYSTAL SILICON INGOT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To limit loss when an outer periphery of an ingot molded 
by an integral casting mold and manufactured is cut to its minimum limit by forming an 
upward enlarging taper having a specific tapered angle to a sidewall. 
SOLUTION: An upward enlarging taper of 0.5 to less than 3 degrees of a tapered angle 
is formed at a sidewall of a container type casting mold for casting a polycrystal silicon 
ingot In this case, it is preferable that a height size of the mold is set to 1.5 times as 
large as a maximum length of a flat surface of the mold. If the angle of the sidewall of 
the mold is less than 0.5, removal of the ingot after manufacturing becomes difficult. 
Meanwhile, if it is more than 3 degrees, its loss is increased. From viewpoint of 
reducing the loss, the tapered angle is more satisfactory if the angle is leas. By 
considering difficulty of removing the ingot, the angle is the best at 1 to 1.5 degree. 
Thus, yield of a silicon wafer can be enhanced without disturbing removal of the 
solidified silicon. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Mold for polycrystalline silicon ingot casting characterized by giving a taper angle [ 0.5 degree or more ] less than 3 times 
upper part amplification taper to a side attachment wall in the container mold mold in which a polycrystalline silicon ingot is cast. 
[Claim 2] Mold for polycrystalline silicon ingot casting according to claim 1 characterized by the height dimension of mold being 1.5 or 
less times of the maximum diameter dimension of a mold flat surface. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the configuration of mold of casting the ingot of the high grade poly crystalline silicon 

for solar batteries etc. 

[0002] 

[Description of the Prior Art] Since silicon expands by coagulation when manufacturing the ingot of the high grade polycrystalline 
silicon for solar batteries etc., big stress arises in mold and there is a problem to which it becomes impossible to extract an ingot from 
mold, the consistency of silicon — a melting condition — 2.5 g/cm3 a solid state — 2.33 g/cm3 it is — about 7% of cubical expansion 
is produced. Then t in order to make the extract of an ingot possible, the side plate of mold is made into an assembly type, and there is 
also a technique which combines edges with a binding bolt. However, the mold using such a binding bolt has the problem that 
workability is inferior. 

[0003] As a technique which solves the above-mentioned trouble, the mold for casting of the polycrystalline silicon ingot characterized 
by attaching three dip or more which spreads toward opening on the side face of the carbon susceptor which holds the crucible made 
from a quartz and the crucible made from a quartz is indicated by JP.58-22936.U. A lost part becomes large and is not desirable when 
cutting the periphery section of an ingot with this technique, since the taper angle is large. 
[0004] 

[Problem(s) to be Solved by the Invention] As a result of repeating and studying an experiment variously that the above-mentioned 
problem should be solved, this invention person etc. increased the plane area of an ingot, by reducing height, even if he made the taper 
angle of mold small, does the knowledge of the ability to perform sampling of an ingot easily, and came to complete this invention. 
[0005] The technical problem of this invention aims at offering the configuration of the mold which can stop a lost part when cutting 
the periphery section of the ingot which made one apparatus and was manufactured about the mold for polycrystalline silicon ingot 
casting, without making this into an assembling die to the minimum. 
[0006] 

[Means for Solving the Problem] It is the mold for polycrystalline silicon ingot casting characterized by this invention giving a taper 
angle [ 0.5 degree or more ] less than 3 times upper part amplification taper to a side attachment wall in the container mold mold in 
which it was made in order to solve the above-mentioned technical problem, and a polycrystalline silicon ingot is cast. In this case, it is 
suitable if the height dimension of mold is made into 1.5 or less times of the maximum diameter dimension of a mold flat surface. The 
maximum diameter dimension of a mold flat surface says the maximum crossing die length of a plane figure, and if circular, the 
maximum diagonal line die length which connects top-most vertices with a diameter and a polygon is said here. 

[0007] A cylindrical shape, a rectangular-head cube type, and what kind of other configurations are sufficient as the configuration of a 
mold container. At less than 0.5 degrees, sampling of the ingot after casting is difficult for the taper angle of a side-attachment-wall 
side too, and since there is a possibility of damaging mold, it is made into 0.5 degrees or more. On the other hand, above 3 times, since 
a loss becomes large, it may be less than 3 times. It is so desirable that it is small, and if the viewpoint which decreases a loss to a 
taper angle also takes into consideration balance with the sampling difficulty of an ingot, it is the most desirable. [ of one - 1.5 taper 
angles ] 
[0008] 

[Embodiment of the Invention] The diameter dimension of the mold for polycrystalline silicon ingot casting is usually 400-1000mm or 
more. In this invention, height is stopped to some extent and a height dimension is made into 1.5 or less times to the maximum 
diameter dimension of a mold flat surface. Although a reason is not dear at this time, even if it makes a taper angle small, it can sample 
easily. 

[0009] A graphite is sufficient as the construction material of mold, and water-cooled copper is sufficient as it. Moreover, it is desirable 

to apply a release agent in the case of graphite mold. 

[0010] 

[Example] 

(Example -1) One taper angle was given to diameter 800mmphi and the graphite mold of a cylindrical shape with a height of 800mm as 
an example, and silicon nitride was given to 0.5mm inner surface in thickness as a release agent. As an example of a comparison, three 
side-attachment-wall taper angles were mostly given to cylindrical shape mold with a diameter [ of 460mm ] phix height of 920mm with 
the silicon mold of this volume with this, and what gave silicon nitride to 0.5mm inner surface in thickness as a release agent was used. 
Teeming of the melting silicon was carried out to both the mold of an example and the example of a comparison, and the ingot was 
manufactured. Although the ingot was able to be easily sampled from mold in the example, sampling was difficult in the example of a 
comparison. Moreover, in the example, also including the cutting loss, the wafer yield in the case of wafer logging is 46%, and improved 
remarkably compared with 32% of the example of a comparison. 

[0011] (Example -2) It is mold bore 800mmphi like an example 1, and silicon nitride was applied [ mold height] to the mold of 3 times 
for (mold height) / (mold bore) =0.75, 1.0, 1.5, 1.7 and 2.0, and a taper angle 0.5mm as a remover at 0.2 degrees, 0.5 degrees, 1 degree, 
1.4 degrees, and 1.5 degrees. Teeming of the silicon was carried out to this, and the ingot was manufactured. 
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[0012] drawing 1 — the ratio of the height of mold, and the diameter of mold — the relation of the ease of extracting of the ingot when 
changing variously the taper angle theta of H/D and a side attachment wall, and producing an ingot is shown, drawing — setting — an 
axis of ordinate — the taper angle theta of a side attachment wall — being shown — an axis of abscissa — the ratio of the height of 
mold, and the diameter of mold — H/D was taken and the next notation showed the ease of extracting of an ingot 
O: easy — mold to an ingot — extraction possible **: — although it was not so difficult and the ingot was able to be extracted, the 

crack was in close. 
[001 3] 

x: — straight-line BC: as which according to difficulty or impossible drawing 1 in the draw of an ingot an extraction is possible for the 
thing in Range ABCD, and it specifies theta in which the extraction of ******** and a straight-line AB:ingot of straight lines AB, BC, 
and CD is possible — theta specified by the yield in cutting of the straight-line CD:ingot which specifies H/D in which the extraction of 
a healthy ingot is possible is shown. 
[0014] 

[Effect of the Invention] According to this invention, it became possible to raise the yield of a silicon wafer, without giving trouble to 
the draw of the silicon which made the taper angle of a side attachment wall small, and was solidified about the mold for polycrystalline 
silicon ingot casting. 



[Translation done J 
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* NOTICES * 

JPO and NCIPI are not responsible for any 

damages caused by the use of this translation. 

"I.This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3Jn the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the graph which shows the relation between the ratio of the height of mold, and a diameter, the taper angle of a side 
attachment wall, and the ease of extracting of an ingot. 
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